MgAuGa (magnesium gold gallium), the first ternary representative of the Mg-Au-Ga system, crystallizes in the space group P62m and adopts the Fe2P structure type (Pearson symbol hP9). Various phases with the general composition AB2 have been reported in the surrounding binary systems, viz. Mg2Ga (hP18), MgGa2 (hP6; CaIn2 type), AuGa2 (cF12; CaF2 type), Au2Ga (oS24; Pd2As type) and Mg2Au (oP12; Co2Si type). In principle, MgAuGa can be obtained from each of them by partial replacement of the major element with the missing element. In fact, the structure of MgAuGa closely resembles hexagonal Mg2Ga through a direct group-subgroup relationship. MgAu2Ga (magnesium digold gallium) also crystallizes hexagonally in the space group P6(3)/mmc and is isotypic with Na3As. It adopts the structure of another binary compound, viz. Mg3Au (hP8), but shows an unexpected distribution of Mg, Au, and Ga among the atomic positions of the asymmetric unit. Both MgAuGa and MgAu2Ga can be described as formally anionic Au/Ga frameworks, with pseudo-hexagonal tunnels around Mg in MgAuGa or cages in MgAu2Ga.
Introduction
Extensive synthetic explorations focusing on alkali/alkaline earth-late transition-post transition systems have revealed a variety of compounds with novel structural motifs and bonding features (Corbett, 2010) . Among these combinations, systems with active metals, Au and Ga, have been our focus over the last five years, resulting in quite fruitful outcomes Smetana, Lin et al., 2012; Smetana et al., 2013) . These compounds exhibit polyanionic frameworks and clusters with encapsulated cations forming one-dimensional chains (A 0.55 Au 2 Ga 2 and AAu 2 Ga 4 ; A = Na-Cs), two-dimensional sheets (AAu 3 Ga 2 ; A = K-Cs) and three-dimensional cages (Na 13 Au 9 Ga 18 and Na 17 Au 5.9 Ga 46.6 ). However, the last case is better described as two interpenetrating polyanionic and polycationic networks. Moreover, the Na-containing phases, which are quasi-crystalline or its approximant, indicate significant polar-covalent Na-Au bonding.
Along these lines, Li and Mg occupy special places among the active alkali and alkaline-earth metals in their intermetallic chemistry. Their especially high electronegativities and small sizes allow these elements to be incorporated into polyanionic networks with more electronegative metals and semi-metals (Tillard-Charbonnel et al., 1990; Li & Corbett, 2005) . Since the Mg-Au, Mg-Ga, and Au-Ga systems contain significant numbers of binary compounds (Villars, 2013) , there is an excellent opportunity to discover new ternary phases. Moreover, a large homogeneity region has been reported for MgAu (Schubert, 1966 ) with a maximum solubility of 13 at% Ga in Au at around 673 K (Cooke & Hume-Rothery, 1966) . In spite of these reports, no compound has been reported, as yet, in the ternary Mg-Au-Ga system, so we decided to conduct a preliminary exploration.
Our initial investigations have revealed that two ternary compounds in the Mg-Au-Ga system, in particular, are derivatives of the corresponding binary systems. MgAu 2 Ga adopts the structure of Mg 3 Au (Schubert & Anderko, 1951) , with partial redistribution of all positions in the asymmetric unit and the presence of Au-Au dimers, whereas MgAuGa shows a group-subgroup relationship with Mg 2 Ga (Frank & Schubert, 1970) .
Experimental

Synthesis and crystallization
The starting materials were Mg pieces (99.98%, Alfa Aesar), Au particles (99.999%, BASF), and Ga ingots (99.999%, Alfa Aesar). Mixtures of 300-400 mg total were weighed in an N 2 -filled glove-box (H 2 O < 0.1 p.p.m.v.), loaded into 9 mm Ta ampoules, sealed by arc-welding under Ar and then enclosed in evacuated SiO 2 jackets. The samples were heated at 1073 K for 8 h, cooled to 623 K at a rate of 10 K h À1 , annealed at this temperature for 7 d and finally cooled to room temperature by switching off the furnace. Single crystals of MgAuGa and MgAu 2 Ga were obtained from several samples with loaded compositions of 'MgAuGa', 'MgAuGa 3 ', and 'MgAu 2 Ga 2 '. No homogeneity ranges were observed, in spite of frequent Au/Ga mixing in related compounds. The title compounds have a metallic luster and are stable against exposure to air or water at room temperature. Phase analyses were performed using monochromatic Cu K 1 radiation on a Stoe Stadi-P diffractometer.
Refinement
Crystal data, data collection and structure refinement details are summarized in (No. 194), and P62c (No. 190) . The space group P62m was found to be correct for MgAuGa and P6 3 /mmc for MgAu 2 Ga during the structure refinements. The starting atomic parameters were derived via direct methods and the structure was refined successfully using anisotropic atomic displacement parameters for all atoms. All crystallographic positions are fully occupied. Difference Fourier synthesis exhibits almost identical residual peaks and holes of about 2.5 e Å
À3
, which might result from insufficient data quality. However, all of these peaks and holes were found in the vicinity of Au atoms ($1.5 Å ) and could not be assigned to any new atom.
Results and discussion
The crystal structure of MgAuGa is best described as a ternary representative of the Fe 2 P structure type (Hendricks & Kosting, 1930) . Au atoms occupy the P-atom positions, whereas Mg and Ga each occupy one of two inequivalent Fe positons. No Mg/Au or Au/Ga mixing was observed in this compound. A projection of the MgAuGa polyatomic framework along the c axis is shown in Fig. 1 . The Mg atoms are formally cationic in this combination, so the compound can also be represented in terms of a tunnel structure. Pentagonal Au-capped Au 4 Ga 6 prisms ( Fig. 2a) (Brandenburg, 2006) and publCIF (Westrip, 2010) .
Figure 1
A projection of the MgAuGa structure along the c axis.
polyhedra reveal the similar roles of Ga and Mg in this crystal structure. The coordination polyhedra of Ga consist of interpenetrating Mg 6 trigonal prisms and Au 4 tetrahedra (Fig. 2b (Fig. 3) , together with that of the binary compound Mg 3 Au, belong to the hexagonal Na 3 As structure type, although the distributions of elements in each of them are different. In Mg 3 Au, the Mg and Au atoms occupy the positions of Na and As, respectively, in accordance with their electronegativities. However, the situation is slightly different in MgAu 2 Ga, in which two Mg atoms are formally replaced by Au atoms (the 4f positions) and Ga replaces Au at the 2a positions (the sites of the As atoms in Na 3 As). At first glance, this substitution pattern does not follow the relative electronegativities of Mg, Au, and Ga. However, the atomic distribution results in Au-Au dimers [2.7606 (12) Å ] oriented along the c axis and bridged by Mg atoms [Mg-Au = 2.8896 (6) Å ]. Preliminary electronic structure calculations on MgAu 2 Ga suggest optimum Au-Au bonding in these dimers, but further theoretical analysis is underway to identify the nature of these bonds. In fact, the three-dimensional [Au 2 Ga] polyanionic network involves Au atoms four-bonded by a distorted tetrahedron of three Ga and one Au atom, and Ga atoms six-bonded by a puckered six-membered ring of Au atoms, to form a distorted close-packed environment. The Mg atoms are most closely coordinated by a trigonal prism of Ga atoms; likewise, each Ga atom is surrounded by a trigonal antiprism (distorted octahedron) of Mg atoms.
The relationship between Mg 2 Ga and MgAuGa is also structurally interesting. In spite of almost identical covalent radii for Au and Mg (Cordero et al., 2008) , the Au atoms prefer to occupy the positions of the more electronegative Ga atoms than those of the geometrically more similar Mg atoms. As mentioned above, the same crystallographic positions are occupied by P atoms in the Fe 2 P prototype, showing a strong site preference for the most electronegative element in each compound. However, Mg 2 Ga deviates from the Fe 2 P structure type by a doubling of the c axis, creating its own structure type with the space group P62c, which is a minimal non-isomorphic subgroup of P62m. MgAuGa has unit-cell parameters [a = 7.3682 (5) Å and c = 3.3738 (3) Å ] that create a volume approximately one-half of that of Mg 2 Ga [a = 7.794 (2) Å and c = 6.893 (1) Å ]. The coordination polyhedra of Ga in Mg 2 Ga remain the same tricapped trigonal prisms, but the polyhedra around the Mg atoms are significantly distorted tetragonal and pentagonal prisms. Thus, replacing Mg with Au in the structure of Mg 2 Ga stimulates atomic ordering and a slight increase in symmetry. Another comparison may also come from Au 2 Ga (Puselj & Schubert, 1974) , which crystallizes in the ortho- The crystal structure of MgAu 2 Ga, showing views of the unit cell along two different directions.
rhombic Pd 2 As structure type (Baelz & Schubert, 1969) . Despite the different crystallographic symmetry and no direct relation between the space groups of Au 2 Ga (Pbam) and MgAuGa (P62m), Au 2 Ga contains an ordered packing of trigonal and pentagonal prisms. Moreover, a polymorphic modification of Pd 2 As (Schubert et al., 1963) includes the hexagonal Fe 2 P structure type. This reveals potential similarities between the Mg-Ga and Au-Ga binary systems concerning a strong structural correlation along the 33 at% Ga line, i.e. Mg 2 Ga-MgAuGa-Au 2 Ga. (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) . 
Data collection
Bruker SMART CCD area-detector diffractometer Radiation source: fine-focus sealed tube Graphite monochromator ω scans Absorption correction: empirical (using intensity measurements) (Blessing, 1995) T min = 0.000, T max = 0.001 2837 measured reflections 388 independent reflections 313 reflections with I > 2σ(I) R int = 0.071 θ max = 39.5°, θ min = 5.5°h 
